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THE GROUP

What we do

A long-term engagement

ULTRASOUND
DIAGNOSTIC IMAGING

DEDICATED MRI

HEALTHCARE IT

GLOBAL SERVICE

Workshop on Statistics and Innovation for Industry 4.0
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THE PRODUCTS

Esaote Ultrasound (US) systems

Workshop on Statistics and Innovation for Industry 4.0
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THE GROUP

Esaote Iin the world

3 R&D Centres

Genoa, Florence, Maastricht

3 Production Sites

Genoa, Florence,
Maastricht

— w 1121 employees

14 Branches

Belgium, The Netherlands,
France, Germany, Spain,
United Kingdom, Russia,
China, Hong Kong, India,
Argentina, Mexico, United
States

Workshop on Statistics and Innovation for Industry 4.0
(Areyr) @duaiol4 ‘0z0z — Arenigad 0z
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THE GROUP

Esaote facilities

GENOA ERZELLLI, Italy

Workshop on Statistics and Innovation for Industry 4.0
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CENTRE OF EXCELLENCE FOR
PROBES PRODUCTION —

FLORENCE, Italy

THE GROUP

Esaote facilities

20 February — 2020, Florence (ltaly)
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THE GROUP

Esaote facilities

Workshop on Statistics and Innovation for Industry 4.0

INTERNATIONAL HUB —
SESTO FIORENTINO, FLORENCE,
Italy




Outline

Workshop on Statistics and Innovation for Industry 4.0

«» Scenario;

<+ Purpose of the study;

: : STARTING
< PDCA (Plan-Do-Check-Act) = methodology

Implementation;

% Analysis conducted via advanced statistical
methods (i.e. statistical modelling);

Through the Robust
Process Optimization

*» Scanning Acoustic Microscopy (SAM) for latent
failure detection;

1

(Arey) @dualol4 ‘020z — Areniga4 02

% Results: To the Effectiveness of END
Process quality
% Conclusions. improvement

9 @saote



Scenario

Ultrasound
scanner

Keyboard
and touch
panel

Monitor

Ultrasound
probes

Workshop on Statistics and Innovation for Industry 4.0

o)

The probe is the element in direct
contact with the patient and it is
used to generate and to receive
ultrasound waves.
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Ultrasound probe and transducer: main componentsl!!

PROBE TRANSDUCER

ACOUSTIC ACOUSTIC PIEZOELECTRIC
LENS MATCHING LAYER ELEMENT

INTERCONNECTIONS

BOARD CABLE

ELECTRICAL
CONNECTIONS

(Arey)) @ouaiol4 ‘020z — Arenigad 0z

[1] F. Bertocci, L. Francalanci, R. De Luca, M. Bassani, F. Gelli, P. Palchetti, «Design of
medical ultrasound probe: Measurement system for the characterization of

Workshop on Statistics and Innovation for Industry 4.0

ULTRASOUND ULTRASOUND reverberations», |EEE International Symposium on Medical Measurements and

HOUSING Applications (MeMeA), pp. 1-6, 2018. w t
PULSE TRANSDUCER
e @saote



Purpose: continuous improvement of the manufacturing

process

Workshop on Statistics and Innovation for Industry 4.0

I Assign and Mitigate
the RISK LEVEL for
each complex
manufacturing stage

» Make EFFICIENT and
Improve the manufacturing
process in Industry 4.0
scenario

_12 _

STAGE #1

STAGE #2

STAGE #3

STAGE #4

STAGE #5

STAGE #6

STAGE #7

S T/GE 5

~  TAGE #9

~ STAGE #10

STAGE #11

STAGE #12

STAGE #13

STAGE #14

STAGE #15

STAGE #16

STAGE #17

STAGE #18

STAGE #19

STAGE #20

STAGE #21

STAGE #22

STAGE #23
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P.D.C.A. (Plan-Do-Check-Act) cycle method for
continuous Improvement of manufacturing process

Identify special causes of failure,
control charts, root cause analysis,

re-evaluation of manufacturing
F.M.E.C.A., control charts, manufactur

ing process, data collection
control plans, brainstorming meetings /V
— \

——
N\

Act {7' })

Design of Experiments (D.o.E.), Non-

destructive testing (NDT) techniques CheCk

Approach by using S.I.P.O.C., FTA,,
P.EM.E.A., R.P.N., C.0.P.Q. estimation,
brainstorming meetings, dataset
analysis, factors and responses
screening

(Arey)) @ouaiol4 ‘020z — Arenigad 0z

Workshop on Statistics and Innovation for Industry 4.0
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| |
The TEAM devoted to the continuous improvement

Woarkshop on Statistics and Innovation far Industry 4.0

Data collection

Production

Mechanical |
designers

Esaote Europe,
Maastricht

R&D Team

Esaote Firenze

s @saote
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through M.E.S.

Esaote Firenze Esaote Firenze

Team




Risk and failure analysis on the manufacturing

process

£

Workshop on Statistics and Innovation for Industry 4.0
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Well-known methods for root cause
analysis and for potential failure modes

STARTING POINT
v

~N

STAGE #4
STAGE #5
STAGE #6

STAGE #8

ONLY

OPTICAL
INSPECTION

Risk level

[ ] Low STAGE #14
_ STAGE #15
] Medium

_

STAGE #5

(Arey)) @ouaiol4 ‘020z — Arenigad 0z

B High S— MECHANICAL
Bl Very high DICING
STAGE #20
. STAGEw21 |
B Measurement iﬁgiﬁ
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. . . MECHANICAL STARTING POINT
Mechanical dicingl?! DICING

STAGE #4
KERF OF THE STAGE #5
PIEZOELECTRIC STAGE #6

STAGE #8

ELEMENT

STAGE #11

i\ !\\\ l

STAGE #18

STAGE #19

STAGE #20

STAGE #22
STAGE #23
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[2] F. Bertocci, A. Grandoni, «Corrosion of Tin-Indium Solder during the Manufacturing Process of Biomedical Ultrasound Transducer», ‘j
22° European Microelectronics and Packaging Conference & Exhibition (EMPC), pp. 1-8, 2019. ‘e Sao e



file:///G:/varie/STATISTICS AND INNOVATION... WORKSHOP 2020/PRESENTAZIONE/dicing.mp4

Implementation of a dataset for the statistical
modelling

Workshop on Statistics and Innovation for Industry 4.0

“ The strenuous collection of historical (observational) data has been carried
out by means of:

= Processing cards;
= Control charts;
= M.E.S. (Manufacturing Execution System).

< Database implementation:
= Electronic spreadsheet.

< Data analysis for the statistical modelling:
= Dedicated software, i.e. S.A.S. (Statistical Analysis System);
= Strong collaboration between the engineering and the statistics.

L @saote
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Key points of the collaboration between engineers
and statisticiansl®!

Workshop on Statistics and Innovation for Industry 4.0

“* Re-examination of each manufacturing stage under critical point of view;

“* Need to add electrical and mechanical in-process measurements (more
factors, more responses);

< ldentification and analysis of factors that can influence the variability of the
process never evaluated by the engineering;

% Manage and organize the analysis by considering more than 36 different
factors and 38 response variables (qualitative and quantitative);

“ Distinction between systematic, noise and block effects for defining and
planning the Design of Experiments.

(Are1)) @ouaiol4 ‘020z — ArenigaH 0z

[3] R. Berni, F. Bertocci, N.D. Nikiforova, G.G. Vining, «A Tutorial on Randomizing versus Not Randomizing Split-Plot Experiments»,

Quality Engineering, Vol. 32, n°1, pp. 25-45, 2020. ‘3
s @saote



Statistical models for improving the manufacturing
process

“* Multiple linear regression model for the variation of the
response (i.e. sensitivity of the US probe):

YRESPONSE VARIATION — BO + Blj EWORKER I@STAGE 4 + BZIXWORKER @STAGE 8 +
B3.XWORKER @STAGE 11 t B4: FDICING MACHINE @STAGE 5 + BS.X4N° OF BLADE RE-USE
@STAGE 5 > BG.XDAYS BETWEEN STAGE 2 AND STAGE 4 + B?IXDAYS BETWEEN STAGE 6 AND
STAGE 8 + BS.>fDAYS BETWEEN STAGE 8 AND STAGE 11 + Bg.XDAYS BETWEEN STAGE 11 AND
STAGE 14 T BlOIXWORKPIECE HEIGHT @STAGE 6

“* Logistic Regression model for the compliance of the US probe:

YPASS/NO PASS ~ BOO t Bll.XN° OF BLADE RE-USE @STAGE 5 = BZZIXDICING MACHINE
@STAGE 5 + B33.XWORKING @STAGE 8 + B44.XWORKER @STAGE 11 t BSSIXTIMING OF
BONDING PROCESS @STAGE 2 + B66.XDAYS BETWEEN STAGE 2 AND STAGE 6 + B77.XDAYS
BETWEEN STAGE 8 AND STAGE 14

Workshop on Statistics and Innovation for Industry 4.0
(Arey) @ouaiol4 ‘020z — Areniga4 0z
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Main results after Statistical modelling (1/2)

“ The workers play a key role in the variability of the production process ¢

I REDUCING THE VARIABILITY OF THE PRODUCTION

u u
e = = Probe production increase
16 operators initially . . request: choice of an
involved in the production u m extended DEDICATED
process. team

P KT LI IO TT)

[ )
u
u
. DEDICATED + SENIOR
- TEAM WORKERS

MECHANICAL w MEASUREMENT STAGES ésao e
DICING @STAGE 5 @15, @22, @23 t
20— k,
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Main results after Statistical modelling (2/2)

STARTING POINT

[ .

o “ Need to implement a
N D.o.E. (Design of
> .
= Experiments) devoted to
3 STAGE #4 the first stages of the
= STAGE #5 STAGE #5 process for the factors ~
= STAGE #6 screening; T
2 - sTAeEw | gineering & o)
(@)
c STAGE #8 . . =
o 5 0 g % The interaction between S
© 0 0 factors are  significant S
: rovement o andior considerable; |
= S
U C @, @, . I\J
c o
< STAGE #14 DIroCe Risk level 1
A STAGE #15 — o
0 [ Low g
*C‘U‘ : @
N STAGE #18 ] M.edlum ®
- M High =
O STAGE #20 Bl Very high =
9 | sTAGEsa1 | STAGE #21 =
G STAGE #22 STAGE #22
% STAGE #23 STAGE #23 B Measurement j




Non-Destructive Testing (NDT) for multilayered
structures with thickness of some microns -

= STAGE #4
STAGE #5

Infrared thermography: Optical microscopy:

influenced by ambient factors strongly limited to a
(i.e. moisture, temperature) surface investigation
Risk level
[ ] Low
[J Medium
B High

. ey i

B Measurement

(Arey) @dualol4 ‘020z — Areniga4 02

X-ray computed tomography
STAGE #19 (XCT): low resolution and no-
M ECH ANI C AL effective in case of layers with _ o
STAGE #21 high content of lead, Pb (case Scanning Acoustic Microscopy (SAM):
STAGE #22 DICING of piezoelectric element) very promising for the inspection of
STAcE defects and delamination occurring
— during the manufacturing proces

Workshop on Statistics and Innovation for Industry 4.0
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Scanning Acoustic Microscopy (SAM) 1 for In-process

quality monitoringt*

Workshop on Statistics and Innovation for Industry 4.0

Grain boundary
structures, texture

X
>l<' Particles,
- = A \ — inclusions,

precipitations

&€ sAM transducer

~— Voids, bubbles,
holes

Delamination,

adhesion, artefacts N Q== .D.U.T. (Device Under
' Test)

[4] F. Bertocci, A. Grandoni, T. Djuric-Rissner, «Scanning Acoustic Microscopy (SAM): A Robust Method for Defect Detection dmin

saote

the Manufacturing Process of Ultrasound Probes for Medical Imaging», Sensors MDPI, Vol. 19, pp. 4868-4887, 2019. ;e
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Workshop on Statistics and Innovation for Industry 4.0

Scanning Acoustic Microscopy (S.A.M.) analysis

STAGE #4
STAGE #5

STAGE #15

STAGE #19

STAGE #21
STAGE #22
STAGE #23

SAM

Exam
A Electrical direction

connections

N\

Bonding layer
(<3um)

Piezoelectric element

4|I||||‘H

Backing

Mechanical support (Aluminum)

_24 _
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Preliminary results of SAM investigation

Workshop on Statistics and Innovation for Industry 4.0

Inspection level

WORKPIECE #1

Detection of
DAMAGE In
the bulk of the
piezoelectric
element

. @saote

Mechanical support (Aluminum)
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Results of SAM measurement campaign

Workshop on Statistics and Innovation for Industry 4.0

The DAMAGE is a WORKPIECE #1
crack (latent failure)

In the same location

of different
workpieces WORKPIECE #5

WORKPIECE #8

\WORKPIECE #9

(Are1r) souaiol4 ‘020z — Areniga4 0z



Workshop on Statistics and Innovation for Industry 4.0

STARTING POINT

STAGE #4
STAGE #5
STAGE #6

STAGE #8

STAGE #11

STAGE #14
STAGE #15

STAGE #18

STAGE #19

STAGE #20

STAGE #22
STAGE #23

Final results

Engineering &
Statistics for
the continuous
improvement
of the
manufacturing
process

STAGE #4
STAGE #5

STAGE #15

STAGE #19

STAGE #21
STAGE #22

STAGE #23

To the Effectiveness
of Process quality

POINT

improvement

STAGE #3

STAGE #5

STAGE #15

sjonpoud

Continuous
improvement

Risk level

STAGE #19

STAGE #21
STAGE #22

STAGE #23

] Low
] Medium
B High
Il Very high

aylo ayy 01 Apms ased siyr Buunp
palinboe oabpamouy a8yl Jo Jsjsuel]

I Measurement
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Conclusions

Workshop on Statistics and Innovation for Industry 4.0

% The application of advanced method for robust process optimization made efficient
and effective the improvement of US probes manufacturing process;

“ The multidisciplinary research based on statistics has been a source of
Improvement opportunities and decisive in the Industry 4.0 scenario;

“ The presented approach driven by statistical modelling allows the engineering to
distinguish the weak points of the process and to provide the corrective actions;

“ SAM is a robust NDT technique that provides an efficient solution for quick
identification and location of defects in multi-layered structures;

“* The human factor was decisive for reducing the variability of the production process
and for increasing the quality of the product.

e @saote
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esaote

Thanks for your attention

Information about the Esaote Group and
its products is available at

@saote

www.esaote.com
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